Oxidation of 3-hydroxypiperidine with iodosylbenzene in water afforded 2-pyrrolidinone directly in good yields. The reaction probably involves oxidative Grob fragmentation yielding imino aldehyde, which upon hydrolysis produces 2-pyrrolidinone via a cyclization-oxidation sequence.
Iodosylbenzene is a versatile oxygen-atom transfer agent in organic and biomimetic syntheses. 1, 2) It is a pale yellow polymer linked by a hypervalent I-O bond, 3) and hence is essentially insoluble in all nonreactive organic solvents and sparingly soluble in water. 4) Recently, Richter, Koser, and coworkers have suggested based on their extensive spectroscopic studies the ylide-type structure PhI ϩ (OH 2 )O Ϫ for the major monomeric iodosylbenzene dissolved in water at near pH 7.
5)
Iodosylbenzene undergoes oxidation of amines under mild conditions 1) : oxidation of primary aliphatic amines in dichloromethane gives the dehydrogenation products nitriles, while primary cycloalkylamines and cyclic secondary amines in water afford cyclic ketones and lactams, respectively, via intermediate formation of the corresponding imines. 6) In the absence of water, iodosylbenzene oxidation of cyclic secamines affords the corresponding imines in good yields. 7, 8) Oxidation of N,N-dialkylarylamines with a combination of iodosylbenzene-trimethylsilylazide undergoes N-alkyl azidonation selectively. 9) Recently, Kozlowski and coworkers have reported an oxidative Grob fragmentation of cis-and trans-1,5-diazadecalin using iodosylbenzene in water 10) : the reaction gave 2-pyrrolidinone (2) via the intermediacy of the ring expanded macrocyclic bisimine in moderate yields. 11) We report herein an oxidative Grob fragmentation of 3-hydroxypiperidine (3) with iodosylbenzene in water, which gives 2-pyrrolidinone (2) directly under mild conditions in good yields.
We have reported that the reaction of pyrrolidine (1) with iodosylbenzene (2 equivalents) in water at room temperature yields 2-pyrrolidinone (2) in 49% yield (Chart 1). 6) Oxidation of 3-hydroxypiperidine (3) with iodosylbenzene was also found to produce the lactam 2, and the results are summarized in Table 1 . When 3-hydroxypiperidine (3) was treated with 2.2 equivalents of iodosylbenzene in water at room temperature for 12 h, 2-pyrrolidinone (2) was obtained in 74% yield, along with the formation of a small amount of N-hyroxymethyl-2-pyrrolidinone (4) 12) (entry 2 in Table 1 ). The use of an equivalent amount of iodosylbenzene decreased the yield of 2 dramatically, and the lactam 4 and Naminomethyl-2-pyrrolidinone 5 were also produced in 8% and 7% yields, respectively. In methanol, only 10% yield of 2 was obtained. Mixed solvents MeCN-H 2 O (3 : 1) and THF-H 2 O (3 : 1) resulted in moderate yields of 2 (entries 6 and 7 in Table 1 ). The structure of 5 was determined by direct comparison with an authentic sample prepared from the reaction of N-acetoxymethyl-2-pyrrolidinone 12) with excess 3-hydroxypiperidine (3) at 60°C for 3 h under nitrogen.
Oxidation of N-methyl-and N-benzyl-3-hydroxypiperidines and 3-benzyloxypiperidine with iodosylbenzene afforded low yields of 2-pyrrolidinone (2) (5-10% yields). 3-Quinuclidinol was recovered unchanged in the attempted oxidative fragmentation with iodosylbenzene in water.
A reaction mechanism that involves the formation of an aldehyde 7 is shown in Chart 2. Initial ligand exchange on iodine(III) of iodosylbenzene produces a labile amino(hydroxy)-l 3 -iodane 6, which rapidly undergoes an oxidative Grob fragmentation 13) yielding the aldehyde 7, because of the Cyclization of 4-aminobutanal (9), followed by the further oxidation of the resulting cyclic aminal 10 with iodosylbenzene, will produce the lactam 2. A similar reaction sequence, cyclization and oxidation, of N-hydroxymethyl-4-aminobutanal (8) affords the byproduct 4. Instead of the l 3 -iodane 6, formation of the cyclic l 3 -iodane 12 from 3-hydroxypiperidine (3) by the reaction with iodosylbenzene is a possible alternative.
16)

Experimental
IR spectra were recorded on Perkin-Elmer 1720 FT-IR spectrometers.
1 H-NMR spectra were obtained on a JEOL JNM-GX 400 spectrometer. Chemical shifts are reported in parts per million (ppm) downfield from internal Me 4 Si. MS were recorded on a JEOL JMS SX-102A spectrometer. Preparative thin-layer chromatography (TLC) was carried out on precoated silica gel plates (Merck, silica gel F-254). Kieselgel 60 (Merck, 230-400 mesh) was used for column chromatography.
Representative Procedure for Oxidation of 3-Hydroxypiperidine (3) with Iodosylbenzene (Table 1, Entry 2) A suspension of iodosylbenzene (150 mg, 0.68 mmol) in water (2.3 ml) was stirred for 1 h at room temperature. After addition of a solution of 3-hydroxypiperidine (3) (31 mg, 0.31 mmol) in water (0.8 ml), the mixture was stirred for 12 h at room temperature in the air. The reaction mixture was extracted with CHCl 3 (7 mlϫ7). The organic extracts were combined, dried (Na 2 SO 4 ), and concentrated in vacuo to give an oil. The yield (74%) of 2-pyrrolidinone (2) was determined by analytical GC (tridecane as the internal standard) using an FFS ULBON HR-1701 capillary column (0.25 mmϫ50 m, 110°C). Purification with preparative TLC (dichloromethane-methanol 9 : 1) gave 2 and N-hyroxymethyl-2-pyrrolidinone (4). A similar reaction using iodosylbenzene (283 mg, 1.29 mmol) and 3-hydroxypiperidine (3) (130 mg, 1.29 mmol) in water (12.9 ml) was carried out at room temperature for 24 h in the air ( Preparation of N-Aminomethyl-2-pyrrolidinone 5 A mixture of Nacetoxymethyl-2-pyrrolidinone 12) (38 mg, 0.24 mmol) and 3-hydroxypiperidine (3) (64 mg, 0.63 mmol) was heated at 60°C for 3 h under nitrogen. The mixture was purified by silica gel column chromatography (ethyl acetate-methanol 9 : 1) to give 5 (28.3 mg, 17%) as a colorless oil.
